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Abstract
We present arguments indicating that galaxies and their clusters should be con-
sidered as open developing systems. Galaxies interact with the intergalactic medium
and are not in a virial equilibrium (which is determined by the gravity and rota-
tion). In this case, the conventional interpretation of the rotation curves of galaxy
outer regions outside the visible stellar disk (i.e. the presence of high mass DM
haloes) may be erroneous. If there is an accretion of the intergalactic medium in
these regions, then the orbital velocities of neutral hydrogen clouds are determined
not only by the gravitation of the mass inside their orbits. Galaxy clusters accrete
the material (intergalactic gas and galaxies) from filaments of the large-scale struc-
ture, at the intersections of which they are located. Only their central regions can
approach the virial equilibrium. Therefore, the high velocities of galaxies and the
high temperatures of the intergalactic gas in a cluster do not necessarily indicate
the presence of a large mass of DM in the cluster.
KEY WORDS: dark matter, dark matter haloes, galaxies, galaxy clusters, intergalactic gas,
accretion
1. Introduction
In modern cosmology, the hypothesis of dark matter (DM) is used in numerical simula-
tions of structure and evolution of galaxies. DM is modeled in the N-body approximation,
the hydrodynamic approximation is used for the baryonic component. The quality of the
simulations is so high that it can already be compared with the actual experiment [1].
And an interesting trend is discernible: the better simulation of processes in the baryon
component (star formation, feedback from stars and activity of galaxy’s nucleus upon gas
and dust, dynamics and kinematics of stars and gas in the galaxy, interaction with the in-
tergalactic medium), the less important role of the dark matter for physical interpretation
of observed statistical patterns of galaxies.
In this paper, we present arguments indicating that galaxies and their clusters should
be considered as open developing systems. Galaxies interact with the intergalactic medium
and are not in a virial equilibrium (the equilibrium is determined by the gravity and
rotation). In this case, the conventional interpretation of the rotation curves of galaxy
outer regions outside the visible stellar disk (i.e. the presence of high mass DM haloes) may
be erroneous. If there is an accretion of the intergalactic medium in these regions, then the
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orbital velocities of neutral hydrogen clouds are determined not only by the gravitation
of the mass inside their orbits. Galaxy clusters accrete the material (intergalactic gas and
galaxies) from filaments of the large-scale structure, at the intersections of which they are
located [2], [3]. Only their central regions can approach the virial equilibrium. Therefore,
the high velocities of galaxies and the high temperatures of the intergalactic gas in a
cluster do not necessarily indicate the presence of a large mass of DM in the cluster.
The halo masses of DM galaxies are estimated by the method of strong gravitational
lensing. Usually, the equilibrium distribution of matter in the lensing galaxy and in
its halo is assumed. These estimates, naturally, are consistent with estimates of the
rotation curves of galaxies within the limits of measurement errors when using the virial
equilibrium. It is clear that the method of gravitational lensing will not be effective
without this equilibrium.
The absence of a direct proof for the existence of the DM particles required for the
standard cosmological ΛCDM model [4], [5] and the arguments considered here lead to
the conclusion that there is either little or no dark matter. In this case, the standard
model needs to be revised.
In general, the hypothesis of DM was used in cosmology when in the model calculations
of 1970s it became clear that in order to form the observed galaxies, clusters and super-
clusters in the Big Bang theory, initial density perturbations with amplitude
δρ
ρ
∼ 10−3
are needed. This amplitude should correspond to the CMB temperature anisotropy with
the amplitude
δT
T
∼
1
3
δρ
ρ
(the Silk effect). However, such CMB temperature anisotropy has not been detected.
Therefore cosmologists began to use the hypothesis of DM, which does not interact with
radiation. The growth of the DM density perturbations can begin much earlier than in
the baryonic medium, and at the time of recombination they can have large amplitudes.
Due to gravity, these DM density contrasts attract baryons and generate the baryonic
matter density contrasts, sufficient to form the large-scale structure of the Universe.
According to the modern data [6], the CMB anisotropy does not exceed
δT
T
∼ 10−5.
If we refuse the hypothesis of the dominant role of DM in the formation of the large-
scale structure of the Universe, we will have to solve the ”problem of large perturbations in
the baryonic matter density and the small CMB anisotropy”. A long time ago, one of the
authors proposed a mechanism for smoothing the CMB anisotropy on density contrasts
due to gravitational lensing [7], [8]. Now this mechanism is called weak gravitational
lensing, examples of its application are described, for example, in [9], [10]. Below we show
that weak gravitational lensing can smooth out the primordial anisotropy and perturba-
tions of the CMB spectrum due to the mixing of null geodesics in space-time and photon
momentum in the phase space as they propagate in a weakly inhomogeneous universe.
This smoothing can accord a relatively large amplitude of primordial density perturba-
tions with a small amplitude of the observed CMB anisotropy. Note that taking into
account the weak gravitational lensing of photon trajectories influences the cosmological
interpretation of supernova SNIa observation data [11], [12].
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2. Are galaxies in a virial equilibrium?
Qualitatively, hierarchical models of the galaxies formation with DM halo correctly
predict the existence of two main morphological types of galaxies: discs (with star for-
mation) and spheroids (without star formation). Disks are formed due to the continuous
accretion of the diffuse gas with the conservation of most of its angular momentum.
Spheroids are formed during merges of protogalaxies with low gas content and with ef-
fective transfer of angular momentum to the halo. In these models, massive galaxies are
formed earlier and faster than low-mass galaxies, and taking into account the feedback
from stars and active nuclei makes it possible to reproduce the observed rotation curves
and the demography of satellite galaxies in the Local Group.
However, in models with DM and with formation of galaxies in an equilibrium state,
the following observational facts cannot be reproduced:
1. The masses and luminosities of galaxies of the same Hubble type increase with
increasing redshift z (”downsizing”).
2. The more massive the galaxy, the higher the relative abundance of magnesium to
iron in its stars [13], [14]. (This ratio is an indicator of the star formation rate:
the higher it is, the faster and shorter the star-forming epoch. In massive elliptical
galaxies this epoch occurred at z > 1.5 and lasted several hundred million years.
Star formation in dwarf galaxies is slow and lasts from the epoch z ∼ 2 [15], and
the duration of its first stage was not less than several billion years according to the
data for the Local Group.) (”downsizing”).
3. There is an inconsistency between the model cosmological density of the stellar mass
and the star formation rate up to z ∼ 8 [16].
4. Low metallicity galaxies have a high content of gas and neutral hydrogen [17], [18],
[19], [20], [21].
5. Nearby stars of the spectral class G have the same solar metallicity, regardless of
their age (”G-dwarf paradox”), i.e. there is no age–metallicity correlation. A similar
situation takes place for sub-giants [22].
6. Lenticular field galaxies have extended gas disks, and according to spectral data,
their gas is ionized by shock waves, not by stars, its kinematics is irregular, there
are gas layers moving in the direction opposite to rotation, or inclined to the star
galaxy’s star plane [23].
7. In the six distant field disk galaxies (0.6 < z < 2.6) with continuing star formation,
the ”tails of the rotation curves” were not found (observations in the hydrogen
emission line), the rotation curves corresponding to the model in which only the
baryon disk is present [24].
The listed facts, apparently, are most simply described in the scenario of the low
metallicity intergalactic gas accretion. This gas mixes with interstellar gas and reduces
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its metallicity, which was created due to the stellar evolution. In new born stars metallicity
will be comparable with the metallicity of their predecessors. To maintain star formation
for a long time, 8–10 billion years, constant accretion of intergalactic gas is needed [25],
[26], [27]. In this case, the virial equilibrium could be established only in the central parts
of galaxies, but this is impeded by the activity of their nuclei.
The global scaling relationships between the mass and the star formation rate, the gas
content, the gas metallicity (thanks to them the term ”downsizing” was introduced) can
qualitatively be reproduced in modern galaxy formation models in connection with the
hypothesis of an approximate equilibrium between the accretion of matter on the galaxy
and the outflow of matter from it. However, it is not possible to quantitatively reproduce
these statistical dependencies and their change with redshift. This indicates a deviation
from the equilibrium between accretion and the outflow of matter in real galaxies. The
observational evidence of such a deviation was found in [28].
The correct reproduction of the structural scaling relationships ”mass–size”, ”mass–
rotation speed” and their evolution in discs and spheroids, the evolution of the number
densities of these two populations remains an unresolved problem. The simulation shows
that dissipative processes in the gas component play a major role in explaining the differ-
ences in the structural scaling relationships of spheroids and disks [29], [30], rather than
the properties and dynamics of DM halo.
The above facts lead us to the conclusion that there is either little or no dark matter.
In this case, a rethinking of the standard cosmological model is necessary.
3. The propagation of photons in a weakly inhomogeneous cosmological
model
The propagation of photons in a weakly inhomogeneous universe was first considered
in [31], [32]. In [31], the gravitational effect of stationary density perturbations on the
propagation of light signals is considered. In this case, only the photon trajectories change
(gravitational lensing) and the observed angular size of the photon source changes. In
[32], the influence of nonstationary large-scale inhomogeneities of the gravitational field on
the photon frequency without changing their trajectories is considered (the Sachs–Wolfe
effect). In this case, the observed brightness of the source changes.
We consider the propagation of photons in a weakly inhomogeneous universe, taking
into account the change of their trajectories and frequencies due to nonstationary scalar
perturbations of the space-time metric.
For simplicity, we choose a cosmological model with a metric
ds2 = gikdx
idxk = a2
(
dη2 − dx2 − dy2 − dz2
)
, (1)
where the Latin indices run through the values 0, 1, 2, 3; the scale factor a ∼ η2 ∼ t2/3;
t is the cosmological time; η is the conformal time; x, y, z are the spatial coordinates. The
model is filled with a medium that has a negligible pressure and has density perturbations
δj =
(
δρ
ρ
)
j
≪ 1, (2)
4
where j = 1, 2, 3, .... It is well known [33] that the considered model has a growing mode
of density perturbations: δj ∼ t
2/3.
The medium is transparent for radiation (there is no scattering of photons), and only
the gravitational field of density perturbations affects the propagation of photons.
The random spatial distribution of the perturbations (2) is described by the function
f (r − rj) = Nδ (r − rj) +N
2
ξ (r − rj) , (3)
where N is the average number of density perturbations in a unit of the comoving volume,
δ (r − rj) is the delta function, ξ (r − rj) is the correlation function, the perturbation δj
is in the neighborhood of the point with coordinates rj = (xj , yj, zj).
Density perturbations create scalar perturbations of the metric (synchronous calibra-
tion [33]):
gik → gik + hik,
h00(j) = 0 = h0α(j), (4)
hαβ(j) =
1
3
gαβ (µj + λj)− e
(1)
α eβ(1)λ(j).
Here the Greek indices run through the values 1, 2, 3 and reference vectors ei(b) are
used, and gik = ei(b)e
(b)
k , b = 0, 1, 2, 3, ei(1) = (0,−a, 0, 0), e
(1)
i = (0, a, 0, 0). For a growing
perturbation mode, the functions µj, λj are:
µj (η, x
α) =
∫
Cj(n)
(
1−
(nη)2
15
)
einα(x
α
−xαj )
4π |r − rj|
d3n, (5)
λj (η, x
α) =
∫
Cj(n)
(
1 +
(nη)2
15
)
einα(x
α
−x˜α)
4π |r − rj |
d3n,
where the functions Cj(n) depend on the initial properties of the perturbations, n
2 = gikn
ink,
|r − rj | is the distance between the points.
For linear perturbations, the superposition principle holds, and therefore the metric
in the neighborhood of a point r has the form:
∆ik = gik(η) +
N∑
j=1
hik(j)f(r − rj). (6)
Here, ∆00 = a
2, ∆0α = 0; N is the number of density inhomogeneities in the comoving
volume with the center at the point r and the radius of the gravitational interaction ct.
The space (6) describes the perturbation ensemble {δj}.
Let us consider light geodesics. The vector pi =
qi
a2
is an isotropic vector of the metric
(1): pip
i = 0, the vector qi is independent of the coordinates xi,
pi = gikp
i = a2ηikp
i = qi.
The perturbations (4) lead, first, to a change in the modulus p = (p0p
0)
1/2
(the Sachs–
Wolfe effect [32]), and, secondly, to the gravitational lensing, i.e. the signal propagation
change [31] in the space (1). Let us consider the second effect.
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The change in the direction of the geodesic line with the tangent vector pi will be
characterized by the deviation vector of the geodesics σi: pi → pi + σi, ∆ikp
iσk = 0.
From the condition for the light geodesic of space (6)
∆ik
(
pi + σi
) (
pk + σk
)
= 0,
we find that
∆ikσ
iσk = 0.
The vector σi satisfies the equation of geodesic deviation (Jacobi equation):
D2σi
dν2
= Riklmp
kplσm. (7)
Here Riklm is the Riemann tensor of the space (6); ν is the affine parameter of the light
geodesic of space (1) with the tangent vector pi =
dxi
dν
;
D
dν
is the covariant derivative.
The angle of rotation φ for the vector pα is determined from the expression:
cosφ =
(pα + σα) pα√
pαpα
(
pβ + σβ
)
(pβ + σβ)
≈ 1 +
hαβp
αpβ
p0p0
(
1 +
σ0
p0
) . (8)
As can be seen from the second part of equation (8), the angle of the geodesic deviation
depends not only on the metric perturbations, but also on the modulus p = (p0p
0)
1/2
. The
energy of a photon propagating along a light geodesic is proportional to p. It follows from
equation (8) that the smaller the photon energy, the greater its geodesic deflection by
gravitational perturbations. This effect is important to take into account when assessing
the smoothing of the CMB anisotropy due to the density perturbations gravity.
It suffices to analyze the solution of equation (7) in the tangent plane {η, x}, x = x1
of a homogeneous and isotropic space-time with the metric (1).
Let qi = (q0, q1, 0, 0), σi = (σ0, σ1, σ2, 0). From the conditions q
iqi = 0, q
iσi = 0,
σiσi = 0 and σ
i = ∆ikσk we find:
q0 = −q1, q0 = q1, σ0 = σ1, σ
1 = −σ0 + h11σ
0 − h12σ2, (σ2)
2 ≈ h11 (σ0)
2
.
Taking into account that for the metric (1)
R0101 = −
2a2
η2
,
from equation (7) one can find the following equation:
∂2σ0
∂η2
− 2
∂2σ0
∂η∂x
+
∂2σ0
∂x2
= 2h11
σ0
η2
, (9)
h11 = −
(
ǫ1 + ǫ2η
2
)
N2,
ǫ1 =
2
3
N∑
j=1
ξ
∫
Cj
einα(x
α
−xα
j )
4π |r − rj |
d3n, (10)
6
ǫ2 =
1
15
N∑
j=1
ξ
∫
Cjn
2 e
inα(xα−x˜α)
4π |r − rj|
d3n.
For the existence of bounded coefficients (10), the correlation function ξ (r − rj) should
be a decreasing function for positive perturbations
δj = −
3
5κa2ρc2
∫
Cjn
2einα(x
α
−xα
j )d3n,
where κ is the Einstein gravitational constant, and ρ is the medium density. In this case,
for an unchanging number of density inhomogeneities in a unit of comoving volume, the
solution of equation (9) has the form:
σ0 ≈ σ0 (η0) exp
[(
t
T
)1/3
+ (2ǫ2)
1/2
Nx
]
, (11)
where the characteristic time of exponential divergence of the geodesics is equal to
T =
2
3H0
[
2ǫ2 (1 + z0)N
2
]
−3/2
,
where H0 is the Hubble constant, z0 is the redshift at the initial time η0.
Thus, when δj > 0 the distance between the light geodesics grows exponentially in the
collective gravitational field of density inhomogeneities. This field leads to the fact that
the direction in which radiation can be detected does not coincide with the initial direction
of the radiation. The image of a very distant source of finite sizes can be substantially
blurred. This effect should be most important for CMB photons, which propagate in the
nonstationary large-scale structure of the Universe.
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